The hypothalamus has been accepted by many investigators as an important center for the regulation of carbohydrate metabolism in the same way that medullary centers control respiration. Evidence for this point of view, however, is inconclusive and controversial (see Long"2) except for the well-confirmed transient hyperglycemia and glycosuria which follow hypothalamic stimulation or damage (Aschner,1 Himwich and Keller7). Houssay and Biasotti8' 9, 10 reported alleviation of pancreatic diabetes by lesions placed in the tuberal portion of the brain-stem of the toad. In the dog, however, similar lesions had no such effect. Amelioration of pancreatic diabetes was later descrilbed by Davis, Cleveland, and Ingram5 in cats with hypothalamic lesions. The mechanism of production of this effect was not specified, but it was assumed to have been due to interruption of the nerve supply or interference with the blood supply of the anterior lobe of the hypophysis. Their conclusions have been widely quoted in both experimental and clinical literature, but apparently their data have not been confirmed.
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The effect of experimental hypothalamic lesions upon carbohydrate metabolism has now been studied in albino rats prepared in one of three ways: (1) An attempt was made to confirm the results of Davis, Cleveland, and Ingram5 by producing bilateral hypothalamic lesions in rats which were frankly diabetic as the result of partial pancreatectomy. At the time of hypothalamic operation the glycosuria of each of the rats was quantitatively well stabilized; the effect of the operation, therefore, could easily be determined. ( 2) The well-known frequency of association of clinical obesity with diabetes mellitus led also to an attempt to study this association in the rat. Partially pancreatectomized rats which had no spontaneous glycosuria were subjected to hypothalamic lesions of the type which produces hyperphagia and obesity ( (Brobeck et al.3) . In this way it was possible to investigate the effect of increased food intake and obesity in potentially dialbetic animals. (3) The last group of rats induded certain animals from the series of Brobeck et a.' These rats received only bilateral hypothalamic lesions, and were used for study of the effect of hyperphagia and obesity upon carbohydrate tolerance and insulin sensitivity.
Materils and methods
Female albino rats of the Yale or Sprague-Dawley strains were used.
Partial pancreatectomy (Shapiro and Pincus"5) was performed on rats weighing from 80 to 90 grams; they were fasted for 16 hours before operation and anesthetized with Evipal solution given intraperitoneally (10 mg./100 gm.). Spontaneous glycosuria was produced by removal of all of the pancreas except the portion between the bile duct and duodenum. "Potential" diabetes followed similar operation, omitting only the final careful removal of bits of pancreatic tissue which ordinarily cling to the blood vessels after the organ as a whole has apparently been removed.
Hypothalamic lesions were placed with the Horsley-Clarke instrument (Clark4) when the rats attained a weight of 150 grams or more. Under Evipal anesthesia (see above) lesions were made with a unipolar electrode, using a current of 2 or 3 milliamperes for 10 or 15 seconds.
The stock diet was Purina "fox chow" pellets, but when the rats were placed in metabolism cages they were invariably fed a mixed diet containing fresh ground beef, corn meal, casein, lard, cod-liver oil, and salt mixture (Brobeck et al.3) . Food intake was measured daily, and in some instances the amount given to the rat was arbitrarily restricted (see below). Urinary glucose was estimated as total reducing substance by a quantitative Benedict method on specimens collected under toluol. Blood sugar was determined on 0.1 ml. of tail blood by a modified Folin ferricyanide method using the Somogyi zinc precipitation technic. This was adapted for use of the ph-otoelectric colorimeter by Evans and Fry (unpublished). Glucose tolerance and insulin sensitivity were performed 18 hours after food withdrawal. In the former, the rats were given glucose solution (150 mg./100 gm. body weight) by stomach tube. In the latter, one unit of insulin per kilogram of body weight was given intraperitoneally.
Results

Persistent diabetes following hypothalamic lesions.
Hypothalamic lesions caused no diminution in the glycosuria of the six diabetic rats ( Table 1) . Four of these animals were observed for from 75 to 150 days after hypothalamic operation, but this prolonged observation merely confirmed the results obtained in the 35-day period represented in the talble. The only variability that was observed was associated with variations in the amount of food eaten by the animals. Rats 140, 143, and 144, which were arbitrarily restricted in food intake both before and after the hypothalamic operation, exhibited relatively constant glycosuria. Rats 28 and 29 were restricted until the sixth postoperative period when ad libitum feeding was begun, evoking a slight increase in glucose excretion. Rat 26 was given all it would eat before as well as after operation; it always ate more food than was given to the other rats, and it increased both its food intake and its glucose excretion following the placing of hypothalamic lesions. In sections from the hypothalami of these animals (Figs. 1 to 8) the region of the fornices was found to be damaged at various levels between the posterior chiasma and the infundibulum. In rat 143 (Figs. 4 to 6) the lesions lay in the region of the fornices at the level of the posterior border of the optic chiasma, destroying also most of the paraventricular nucleus on each side. In rat 140 (Fig. 3) On the contrary, glycosuria was produced in potentially diabetic rats by the increased food intake which followed appropriate hypothalamic lesions. The glycosuria of potentially diabetic rats and the spontaneous glycosuria of the obese animal are considered to be manifestations of relative insulin insufficiency. As the intake of the animal is augmented by hypothalamic hyperphagia, more insulin is evidently needed for metabolism of the excess foodstuff. Insulin utilization may be increased by the generally accelerated metabolism reflected in the elevated oxygen consumption of obese rats (Brobeck et al.3) . Extra quantities of insulin may be needed also to facilitate the execution of some particular process such as conversion of glucose to fat, for Drury' has suggested that insulin is essential for this conversion process. Tepperinan et al."6 have shown that fat is formed from carbohydrate at an abnormally rapid rate in animals of this type. The diabetes that occurs in human subjects during rapid gain of body weight or in association with obesity is probably a manifestation of this same type of relative insulin deficiency. Newburgh, Conn, Johnston, and Conn13 reported that weight reduction restored to normal the glucose tolerance of a certain number of their obese diabetic patients. They attributed this effect to a return of the ability of lipid-filled hepatic cells to store glycogen. The resuJts of the present study suggest, however, that such a restoration of tolerance probably involved rather an alteration of the relative insulin requirement of the individual.
Disappearance of the glycosuria of the potentially diabetic rats cannot be adequately explained. Since the islet tissue of the rat possesses remarkable regenerative ability, under the favorable influence of food restriction the pancreas may have been able to compensate for the insufficiency. Compensation of this type was undoubtedly facilitated in rats 175, 176, and 178 by the failure of persistence of the initially severe hyperphagia. Furthermore, as the body weight of the rats began to be stabilized, less insulin may have been needed for conversion of carbohydrate to fat.
Experimental data reported in this paper support the view of Brobeck2 and Long"2 that the influence of the hypothalamus upon carbohydrate metabolism is an indirect one. Under the conditions of these experiments this appears to be mediated by way of regulation of the food intake of the animal.
Summary
The influence of the hypothalamus upon carbohydrate metabolism has been studied in female albino rats. Bilateral hypothalamic lesions failed to influence the glycosuria of partially pancreatectomized rats when their food intake was unchanged. In partially pancreatectomized rats without glycosuria, appropriate hypothalamic lesions produced hyperphagia which evoked a glycosuria as great as from 6 to 8 grams per day. In one rat this type of diabetes became progressively more severe for 5 months as the animal became obese. Spontaneous glycosuria was observed in one obese rat with hypothalamic lesions in the absence of operative interference with the pancreas. Insulin sensitivity of obese animals was found to be normal, and their glucose tolerance was either normal or moderately impaired.
